An approach to describe the acoustic nonlinearity of the liquid containing encapsulated microbubbles is presented. The nonlinear wave equation for such liquid is derived and the second harmonic generation, the attenuation of fundamental harmonic and equivalent acoustic nonlinearity parameter (B/A) e are studied. Numerical calculations for a contrast agent, Albunex ® , show that there is a good agreement between our theory and Wu's experiments [1] .
Introduction
Ultrasound contrast agents, a kind of liquids containing gas-filled microbubbles, are used more widely in the clinical application. Encapsulated bubbles in ultrasound contrast agents behave differently from free bubbles due to the introduction of the shell [2] . Recently the nonlinearity parameter B/A describing the nonlinear magnitude of media is becoming a hot subject in many fields such as ultrasound diagnosis and imaging. Gong . Most of these works are based on experiments. In this article we will present an approach to estimate the nonlinear property of the liquid containing encapsulated microbubbles. Here the encapsulated layer is modeled as a viscoelastic shell with finite thickness. First we study the effect of the shell on the generation and attenuation of harmonics, then a formula to estimate the equivalent acoustic nonlinearity parameter (B/A) e of such media is presented. Finally the comparison between our theoretical values of (B/A) e with Wu' s experimental results is given.
Theory

Wave equation for liquid containing encapsulated microbubbles
Neglecting the viscosity, thermal conduction and the nonlinearity parameter of the pure water, we have nonlinear wave equation in bubbly liquid [3] : In 1995, Church [2] derived the Rayleigh-Plesset-like equation to describe the oscillation of an encapsulated bubble. From this equation, we can get the relation of p to V ′ :
We follow the procedure of the perturbation approach:
Then, we can respectively obtain wave equations for 1 p , 
Here 2 k , 2 α are the wave number and attenuation coefficient of second harmonic respectively.
Equivalent acoustic nonlinearity parameter (B/A)e
The amplitude of the second harmonic at distance x from the source in pure liquid was given by Cobb [4] . 
Numerical calculation
In order to evaluate the validity of this approach, we make numerical calculations using a contrast agent Albunex ® as an example and compare them with Wu's experimental results [1] . As we know, the two parameters, i.e. shell rigidity s G and shell viscosity s µ , have the significant influence on the bubble motion. For the contrast agent Albunex ® , the values of s G and s µ span a wide range [2] . Wu didn't give these parameters of Albunex ® used in their experiment. But following the Marsh's approach [5] , we adjusted these two shell parameters to minimize the square of the difference between the theoretical curves and the corresponding experimental values for attenuation of f undamental harmonic . Then the two shell parameters could be estimated to be 55.6Mpa and 22P respectively, which nearly match the values obtained by Marsh [5] . [5] . The subscript ' c' represents the calculated data, and ' m' represents the measured data. It is found that our calculated values match the experimental results quite well. From the calculations of attenuation and equivalent (B/A) e , we find that both these two values are proportional to the concentration. This is strongly substantiated by Wu' s experimental results although there is some deviation at low concentration. Considering the influence of environment and stability of contrast agent, we believe our approach could effectively study the nonlinearity of the liquid containing microbubbles and estimate the equivalent (B/A) e of such media. 
